A hierarchical multiscale approach to model the magnetization dynamics of ferromagnetic random alloys is presented. First-principles calculations of the Heisenberg exchange integrals are linked to atomistic spin models based upon the stochastic Landau-Lifshitz-Gilbert (LLG) equation to calculate temperature-dependent parameters (e.g., effective exchange interactions, damping parameters). These parameters are subsequently used in the Landau-Lifshitz-Bloch (LLB) model for multi-sublattice magnets to calculate numerically and analytically the ultrafast demagnetization times. The developed multiscale method is applied here to FeNi (permalloy) as well as to copperdoped FeNi alloys. We find that after an ultrafast heat pulse the Ni sublattice demagnetizes faster than the Fe sublattice for the here-studied FeNi-based alloys.
I. INTRODUCTION
Excitation of magnetic materials by powerful femtosecond laser pulses leads to magnetization dynamics on the timescale of exchange interactions. For elemental ferromagnets the emerging dynamics can be probed using conventional magneto-optical methods 1, 2 . For magnets composed of several distinct elements, such as ferrimagnetic or ferromagnetic alloys, the individual spin dynamics of the different elements can be probed employing ultrafast excitation in combination with the femtosecond-resolved x-ray magnetic circular dichroism (XMCD) technique 3, 4 . An astonishing example of such element-specific ultrafast magnetization dynamics was first measured on ferrimagnetic GdFeCo alloys 5 . There, it was observed that the rare-earth Gd sublattice demagnetizes in around 1.5 ps whereas the transition metal FeCo sublattice has a much shorter demagnetization time of 300 fs. Similar element-specific spin dynamics was also observed in CoGd and CoTb alloys 6, 7 . The elementselective technique allowed moreover to observe for the first time the element-specific dynamics of the so-called "all-optical switching" (AOS) 8 in GdFeCo alloys, finding that it unexpectedly proceeds through a transientferromagnetic-like state (TFLS) where the FeCo sublattice magnetization points in the same direction as that of the Gd sublattice before complete reversal 5, 9 . Recent theoretical works supported the distinct demagnetization times observed experimentally [10] [11] [12] and their crucial role on the TFLS. AOS has been also demonstrated for other rare-earth transition-metal ferrimagnetic alloys as TbFe 13 , TbCo 14 , TbFeCo 15 , DyCo 16 , HoFeCo 16 , synthetic ferrimagnets [16] [17] [18] and very recently in the hardmagnetic ferromagnet FePt 19 . Although the full theoretical explanation of the thermally driven AOS process is still a topic of debate 9, 12, [20] [21] [22] [23] , the distinct demagnetization rates of each of the constituting elements has been suggested as the main driving mechanism for the AOS observed on antiferromagnetically coupled alloy 9, 10, 12 . These findings have highlighted the question how ultrafast demagnetization would proceed in ferromagnetically coupled twosublattice materials such as permalloy (Py). Unlike rareearth transition-metal alloys which consists of two intrinsically different metals, Py is composed of Fe (20 %) and Ni (80 %) which have a rather similar magnetic nature, due to a partially filled 3d shell. Thus, it is a priori not clear if their spin dynamics should be the same or different.
Recent measurements have addressed this question. Using extreme ultraviolet pulses from high-harmonic generation sources Mathias et al. 24 probed elementspecifically the ultrafast demagnetization in Py and obtained the same demagnetization rates for each element, Fe and Ni, but with a 10 to 70 fs delay between them.
From a theoretical viewpoint an important question is which materials parameter are defining for the ultrafast demagnetization. Thus far, different criteria have been suggested 25, 26 . For single-element ferromagnets, Kazantseva et al. 25 estimated, based on phenomenological arguments, that the timescale for the demagnetization processes is limited by τ demag ≈ µ/(2λγk B T pulse ). Here, τ demag depends not only on the elemental atomic magnetic moment, µ, but also on the electron temperature, T pulse , and on the damping constant λ. Assuming that the damping constants λ and gyromagnetic ratios γ are equal for Fe and Ni the demagnetization time would therefore only vary due to the different magnetic moments of the constituting elements. In that case, the demagnetization time of Fe is larger than the one for Ni (since µ Fe > µ Ni , see 28 [Sec. III]. The analytical LLB approach allows for efficient simulations, and most importantly, provides insight in the element-specific demagnetization times of FeNi alloys.
II. FROM FIRST PRINCIPLES TO ATOMISTIC SPIN MODEL

A. Building the spin Hamiltonian
To start with, we construct an atomistic, classical spin Hamiltonian H on the basis of first-principles calculations. In particular, we consider three relevant alloys: Fe 50 Ni 50 , Fe 20 Ni 80 (Py) and Py 60 Cu 40 . The first two alloys will allow us to assess the influence of the Fe and Ni composition, while the last two alloys will permit us to study the effect of the inclusion of non-magnetic impurities on the demagnetization times. This was motivated by the work of Mathias et al. 24 who studied the influence of Cu doping on the Fe and Ni demagnetization times in an Py 60 Cu 40 alloy.
To obtain the spin Hamiltonian we have employed spindensity functional theory calculations to map the behavior of the magnetic material onto an effective Heisenberg Hamiltonian, which can be achieved in various ways 29, 30 . Here we use the two-step approach suggested by Lichtenstein et al. 31 . The first step represents the calculation of the self-consistent electronic structure for a collinear spin structure at zero temperature. In the second step, exchange parameters of an effective classical Heisenberg Hamiltonian are determined using the one-electron Green functions. This method has been rather successful in explaining magnetic thermodynamic properties of a broad class of magnetic materials [32] [33] [34] . The self-consistent electronic structure was calculated using the tight-binding linear muffin-tin orbital (TB-LMTO) approach 32 within the local spin-density approximation 35 to the density functional theory. Importantly, the materials we investigate here are alloys. Hence, it is assumed that atoms are distributed randomly on the host fcc lattice. The effect of disorder was described by the coherent-potential approximation (CPA) 36 . The same radii for constituent atoms were used in the TB-LMTO-CPA calculations. We have used around a million k-points in the full Brillouin zone to resolve accurately energy dispersions close to the Fermi level.
The calculations of the Heisenberg exchange constants J ij in ferromagnets can be performed with a reasonable numerical effort by employing the magnetic force theorem 29, 31 . It allows to express the infinitesimal changes of the total energy using changes in one-particle eigenvalues due to non-self-consistent changes of the effective one-electron potential accompanying the infinitesimal rotations of spin quantization axes, i.e., without any additional self-consistent calculations besides that for the collinear ground state. The resulting pair exchange interactions are given by
with
. E F denotes the Fermi level and Ω i the i-th atomic cell, σ =↑, ↓ is the spin index, E + = lim α→0 E + iα, G σ are spin-dependent one-electron retarded Green functions, and B ex is the magnetic field from the exchangecorrelation potential. The validity of this approximation has been examined more quantitatively in several studies. [37] [38] [39] The ab initio calculated distance-dependent exchange constants for the Fe 20 Ni 80 alloy, i.e., the exchange within the Fe sublattice (Fe-Fe), the Ni sublattice (Ni-Ni) as well as between the Fe and Ni sublattices (Fe-Ni), are shown in Fig. 1 . The calculated magnetic moments for all three alloys considered here are given in Table I .
In our hierarchical multiscale approach, these computed material parameters (the exchange constant matrix as well as the magnetic moments) are now used as material parameters for our numerical simulations based on an atomistic Heisenberg spin Hamiltonian. We consider thereto classical spins S i = µ i /µ i with randomly 
The first sum represents the exchange energy of magnetic moments, either on Ni or on Fe sites, distributed randomly with the required concentrations. The exchange interaction matrices J ij (corresponding to J Ni−Ni , J Fe−Ni , or J Ni−Ni ) are those from the ab initio calculations (as shown for Py in Fig. 1 ). These have been taken into account up to a distance of six unit cells (cutoff also shown in Fig. 1 ) until they are finally small enough to be neglected. The second sum describes the magnetic dipole-dipole coupling.
Note, that the exchange interaction given by the matrices J ij is incorporated in our atomistic spin dynamics simulations via the Fast Fourier transformation method (see Ref. 42 for more details). As a side effect, we are able to calculate the dipolar interaction without any additional computational effort so that we take them into account although they will not influence our results much.
Since we are interested in thermal properties we use Langevin dynamics, i.e. numerical solutions of the stochastic LLG equation of motion
with the gyromagnetic ratio γ i , and a dimensionless Gilbert damping constant λ i that describes the coupling to the heat-bath and corresponding either to Fe or to Ni. Thermal fluctuations are included as an additional noise term ζ i in the internal fields
where i, j denotes lattice sites occupied either by Fe or Ni and η, θ are Cartesian components. All algorithms we use are described in detail in Ref. 43 .
B. Equilibrium properties: element-specific magnetization
First, we investigate the element-specific zero-field equilibrium magnetizations for Fe and Ni sublattices. Those magnetizations are calculated as the spatial and time average of the sum of local magnetic moments, m = S with representing either Fe or Ni. For our numerical studies, we assume identical damping constants (λ = λ i ) as well as gyromagnetic ratios (γ = γ i = 1.76 · 10 11 (Ts) −1 ) for both, Fe or Ni. We perform our Langevin spin dynamics simulations for two different FeNi alloys, namely Fe 50 Ni 50 and Py, as well as for permalloy diluted with copper, Py 60 Cu 40 . All material parameters used in our simulations are given in Table I .
The temperature dependence of the normalized element-specific magnetizations m are shown in Fig.  2 . The calculated values of the Curie temperatures are given in Table I together with known experimental values. Both, the numerical and experimental values, are in good agreement. The element-specific magnetizations as well as the total magnetization (not shown in Fig. 2 ) of the alloys share the same Curie temperature while in the temperature range below the Curie temperature their temperature dependence is different for the two sublattices; the normalized magnetization of Ni is lower than that of Fe.
The element-specific magnetizations calculated within the framework of a rescaled mean-field approximation (MFA) are shown as well. This approach will be discussed in detail in Sec. III below where these curves serve as material parameters for the simulations based on the LLB equation of motion also introduced in the next section.
III. FROM ATOMISTIC SPIN MODEL TO MACROSCOPIC MODEL
A. Two-sublattices Landau-Lifshitz-Bloch equation
Within the hierarchical multiscale approach, the macroscopic (micromagnetic) equation of motion valid at elevated temperatures is the LLB equation 27 . Initially, the macroscopic LLB equation of motion was derived by Garanin for single-species ferromagnets only. Garanin first calculated the Fokker-Planck equation for a single spin coupled to a heat-bath, thereafter a non-equilibrium distribution function for the thermal averaged spin polarization was assumed to drive the non-equilibrium dynamics. Second, the exchange interactions between atomic spins were introduced using the mean field approximation (MFA) with respect to the spin-spin interactions. This last step reduces to the replacement of the ferromagnetic spin Hamiltonian H with the MFA Hamiltonian H MFA in the single (macro)spin solution.
The LLB formalism was recently broadened to describe the distinct dynamics of two-sublattices magnets, both antiferromagnetically or ferromagnetically coupled 28 . The derivation of such equations follows similar steps as for the ferromagnetic LLB version but considering sublattice specific spin-spin exchange interactions and MFA exchange fields, H MFA conf . For the exchange field the random lattice model is used by generating the random average with respect to disorder configurations . . .
conf . The corresponding set of coupled LLB equations for each sublattice reduced magnetization m = S = M /M s , where M s is the saturation magnetization at 0 K, has the forṁ
Here,
is the transient (dynamical) magnetization to which the non-equilibrium magnetization m tends to relax, and where ξ 0 ≡ 
Λ N = 2k B T γ λ /µ is the characteristic diffusion relaxation rate. The damping parameters λ have the same origin as those used in the atomistic simulations. The first and the second terms on the right-hand side of Eq. (5) describe the transverse motion of the magnetization. These dynamics are much slower than the longitudinal magnetization dynamics given by the third term in this equation. Therefore, in the following we will neglect the transverse components (in Eq. (5)) and keep only the longitudinal one,
In spite of the fact that the form of Eq. (7) Therefore, the analytical solution of Eq. (7) and thus a deeper physical interpretation of the relaxation rates is difficult without any further approximations. However, Eq. (7) can be easily solved numerically with the aim to directly compare the solutions to those of the atomistic spin simulations. This is discussed in more detail in the next subsections.
B. From atomistic spin model to
Landau-Lifshitz-Bloch equation
Next, to solve Eq. (5) or Eq. (7), one needs to calculate H MFA conf for the here-considered FeNi alloys. An adequate definition of such a field will allow us to directly compare the magnetization dynamics from our atomistic spin simulation with the LLB macroscopic approach.
However, a quantitative comparison between both a standard MFA and atomistic spin model calculations of the equilibrium properties is usually not possible. This is due to the fact that the Curie temperature gained with the MFA approach is overestimated due to the inherent poor approximation of the spin-spin correlations. Although, rescaling the exchange parameters conveniently in such a way that the Curie temperature calculated with the MFA approach agrees with atomistic simulations leads to a good agreement of both methods. Hence, we first present the standard MFA for disordered twosublattices magnets, thereafter, we will deal with the rescaling of the exchange parameters.
The MFA Hamiltonian of the full spin Hamiltonian for FeNi alloys (see Eq. (2) introduced in Sec. II) can be written as (8) where the dipolar interaction is neglected. The mean field acting on each site i can be separated in two contributions; a) the contribution from neighbors of the same type j and b) those of the other type j δ ,
where sums run over the nearest neighbours. When the homogenous magnetization approximation is applied (i.e. S j Fe = m Fe and S j Ni = m Ni for all sites) one can de-
A sketch of the exchange interaction within the present MFA model is presented in Fig. 3 . The impurity model is mapped to a regular spin lattice where the unit cell (orange box) contains the two spin species, Fe and Ni, and the exchange interactions among them are weighted in terms of the concentration of each species.
The equilibrium magnetization of each sublattice m e can be obtained via the self-consistent solution of the Curie-Weiss equations m e = L( 
C. De-and remagnetization due to a heat pulse
In the following, we study the reaction of the elementspecific magnetization to a temperature step in Py as well as in Py diluted with Cu. In the first part of the temperature step the system is heated up to T = 0.8 T C and in the second part it is cooled down to T pulse = 0.5 T C . The heat pulse roughly mimics the effect of heating due to a short laser pulse. The first part of the temperature step triggers the demagnetization while the second one triggers the remagnetization process. We perform atomistic as well as LLB simulation of the de-and remagnetization of the two sublattices after the application of a step heat pulse of 500-fs duration.
The reaction of the Fe and Ni sublattice magnetizations is shown in Fig. 4 . While the temperature step is switched on, the two sublattices relax to the corresponding equilibrium value of the sublattice magnetizations m (T pulse ). Note, that these equilibrium values are different for the two sublattices in agreement with the temperature-dependent equilibrium element-specific magnetizations shown in Fig. 2 .
Because of that, the different demagnetization time scales are not well distinguishable in Fig. 4 . Thus, we use the normalized magnetization, m norm = (m − m min )/(m (t=0) − m min ) of the sublattices, rather than m to directly compare the demagnetization times. The demagnetization time after excitation with a temperature pulse isfaster for Ni than for Fe (Fig. 5 (top panel) ) for the first 200 fs, while one can see that for times larger than 200 fs both elements demagnetize at the same rate (Fig. 5 (bottom panel) ). Experiments on Py suggest that the time shift between distinct and similar demagnetization rates in Py is of around 10-70 femtoseconds 24 .
D. Understanding relaxation times within the Landau-Lifshitz-Bloch formalism
The relaxation rates of the Fe and Ni sublattices can be understood by discussing the linearized form of Eq. (7). Here, the expansion of Γ and m 0 around their equilibrium values m e is considered 28 and leads to ∂(∆m)/∂t = A ∆m with ∆m = (∆m , ∆m δ ) and
+ ∆m (δ) . Furthermore, the characteristic matrix A drives the dynamics of this linearized equation and has the form 
where χ are the longitudinal susceptibilities which can be evaluated in the MFA approximation as
with L = L (ξ e ) and L δ = L (ξ δ e ). We note that the longitudinal susceptibility in Eq. (12) depends on the exchange parameter (Curie temperature) and the atomic magnetic moments of both sublattices.
Next, the longitudinal damping parameter in Eq. (10) is defined as α = (2k B T λ m e )/µ H e,ex , where H e,ex is the average exchange field for the sublattice at equilibrium, defined by the MFA expression (9) . The longitudinal fluctuations are defined by the exchange energy, according to the expression above. However, the longitudinal relaxation time is not simply inversely proportional to the damping parameter. Instead the relaxation parameters in Eq. (10) do also depend on the longitudinal susceptibilities which give the main contribution to their temperature dependence.
It is important to note that the matrix elements in Eq. (10) are temperature as well as (sublattice) material parameter dependent. The general solution of the characteristic equation, |A − Γ ± I| = 0, gives two different eigenvalues, Γ ± = 1/τ ± , corresponding to the eigenvectors v ± . Here, I is the unit matrix. The computed temperature dependence of the relaxation times τ ± is presented in Fig. 6 . More interestingly, we observe that the ratio between relaxation times τ + /τ − [inset Fig. 6 ] is almost constant for temperature below 0.5 T C and it has a value of 1.8 which compares well with atomistic simulations [ Fig. 5 ]. At elevated temperatures, one relaxation time τ + will dominate the magnetization dynamics of both sublattices.
In Fig. 7(a) we present the temperature dependence of the longitudinal damping parameters and in Fig. 7(b) the temperature dependence of the parameters Γ δ = α /Λ δ . These parameters define the element-specific longitudinal dynamics. In Figs. 7 (c) and (d) the temperature dependent α /α δ and Λ /Λ δδ are shown. It can be seen that at least in the range of low temperatures the magnetization dynamics is mainly defined by Γ Γ δ . The general solution of the linearized LLB system for the two sublattices can be written as
where the coefficients A Fe(Ni) and B Fe(Ni) will depend of the eigenvectors v ± and the initial magnetic state, ∆m Fe (0) and ∆m Ni (0). For instance
where are calculated similarly. This complexity prohibits a general analysis of the results. Thus, although the general solution is clearly a bi-exponential decay, one can wonder when the one exponential decay approximation will give a good estimate for the individual relaxation dynamics. Two interesting scenarios exist: First, the relaxation times τ + and τ − could have very different time scales and thus one can separate the solution on short and long time scales, defined by τ − and τ + , respectively. This is an interesting scenario for ultrafast magnetization dynamics where only the fast time scale will be relevant. Fig. 6 shows the ratio τ + /τ − and we can observe that the scenario τ + /τ − 1 only happens for temperatures approaching T C . As we have seen in the atomistic simulations, after an initial distinct quenching of each sublattice magnetization, both sublattice demagnetize at the same rate but slower than the initial rates (see Fig. 5 ).
The second scenario occurs when A Fe ≈ ∆m Fe (0) and B Ni ≈ ∆m Ni (0), even if τ + and τ − are of the same order. This happens, for example, either when the coupling between sublattices is very weak, or at relatively low temperatures, see Fig. 6 . In this case the system can be considered as two uncoupled ferromagnets (although with renormalized parameters), meaning that the matrix in Eq. (10) defining the dynamics is almost diagonal. Thus, we can approximately associate each eigenvalue of Eq. (10) to each sublattice, τ − = τ
Ni and τ + = τ Fe . The inset in Fig. 6 shows the ratio τ + /τ − for the whole range of temperatures. At low-to-intermediate temperatures we find that τ + /τ − ≈ 1.8. This is in good agreement with atomistic simulations, see Fig. 5 (a), and it clearly shows that the relaxation times ratio is not defined by the ratio between atomic magnetic moments, µ Fe /µ Ni ≈ 4. In the case that the longitudinal relaxation rates are defined by the diagonal elements of the matrix (10) and T is not close to T C the longitudinal relaxation time can be estimated as
Thus the ratio between the relaxation rates of Ni and Fe (for the same gyromagnetic ratio value, the same coupling parameter and not too close to T C ) is defined by Table II for the three alloys studied here. The second column presents the ratio between atomic magnetic moments, and the third column the estimated ratio between relaxation times under the assumption of equal damping parameter at each sublattice.
The estimated ratios for relaxation times are in rather good agreement with the atomistic simulations (fifth column) for Fe 50 Ni 50 and Py, however for Py 60 Cu 40 the estimation is not that good. We have to remember that the MFA re-scaling of the exchange parameters did not give a completely satisfactory result for the shape of m(T ) in this alloy (see Fig. 2(a) 
Next, we fit the numerically evaluated m(T ) curves to the power law mFe(Ni)(
Fe(Ni) for T < 0.5 T C . This allows us to directly estimate the ratio between the relaxation times for the three alloys, see Table  II . We can see that the relation in Eq. (17) agrees well for the three alloys even for Py 60 Cu 40 .
For a more general case, for instance at elevated temperatures, where the one-exponential solution is not a good approximation, we have to solve numerically for the coefficients of each exponential decay A and B . Apart from the exchange interactions and temperature dependence, A and B also depend on the initial conditions δm (0) = m (0) − m e .
E. Effect on distinct local damping parameters on the magnetization dynamics
The intrinsic (atomistic) damping parameters λ are not be necessarily the same for both sublattices. To investigate the effect of different damping parameters we consider that the magnetic system is initially at equilibrium at room temperature T = 300 K. Then a heat pulse T pulse is applied for 1 ps. We define τ Fe(Ni) the time at which the normalized magnetization, m norm (t) = (m(t) − m min )/(m (t=0) − m min ) is 1/e. The results for a broad parameter space of λ Fe /λ Ni and heat pulse temperature T pulse (scaled to T C ) are shown in Fig.  reffig 
Estimations of this critical ratio at low temperatures can be found in The results presented in Fig. 8 show a variety of possible situations that can be encountered in experiments on alloys with two magnetic sublattices. They show that in the case of equal coupling to the heat-bath, the Ni sublattice demagnetizes faster than the Fe sublattics in all temperature ranges. The situation may be changed if Fe is as least twice stronger coupled to the heat-bath than Ni. This conclusion is not inconsistent with the disproportional couplings that were assumed in Ref. 11 . Thus, Fe can demagnetize faster than Ni (as reported in Ref. 24 ) only if Fe is stronger coupled to the heat-bath.
IV. DISCUSSION AND CONCLUSION
Element-specific magnetization dynamics in multisublattice magnets has attracted a lot of attention lately 24, 45, 46 . The case of GdFeCo ferrimagnetic alloys is paradigmatic since this was the first material where the so-called ultrafast all-optical switching (AOS) of the magnetization has been observed 8 . The elementdependent magnetization dynamics in GdFeCo alloys has meanwhile been thoroughly studied 9, 10, 12, [20] [21] [22] [23] . From a fundamental view point, however, it is also important to understand the element-specific magnetization dynamics in multi-element ferromagnetic alloys. This is challenging from a modeling perspective and, moreover, contradicting results have been observed in NiFe alloys 24, 47 . To treat such alloys we have developed here a hierarchical multiscale approach for disordered multisublattice ferromagnets. The electronic structure ab initio calculations of the exchange integrals between atomic spins in FeNi alloys serves as as an accurate foundation to define a classical Heisenberg spin Hamiltonian which in turn has been used to calculate the element-specific magnetization dynamics of atomic spins through computer simulations based on the stochastic LLG equation. Our simulations predict consistently a faster demagnetization of the Ni as compared to the Fe. These findings are however in contrast to the dynamics measured by Mathias et al. 24 From a modeling perspective, we have linked information obtained from computer simulations of the atomistic Heisenberg Hamiltonian to large scale continuum theory on the basis of the recently derived finite temperature LLB model for two sublattice magnets 28 . The LLB model is rather general, it can be applied not only to ferromagnetic alloys, as we have done in the present work, but also to ferrimagnetic alloys. 10 Thanks to analytical expressions coming from the LLB model we have been able to interpret the distinct element-specific dynamics in FeNi alloys in terms of the strength of the exchange interaction acting on each sublattice. Assuming equal damping parameters for Fe and Ni, the difference is not only coming from the different atomic moments. Analytical expressions derived for the ratio between demagnetization times in Fe and in Ni compare very well to numerical results from computer simulations of the atomistic spin model. To investigate the effect of different intrinsic damping parameters we have restrained ourselves to use the LLB approach which is computationally less expensive than the atomistic spin dynamic simulations on a large system of atomic spins. Our investigation thus prepares a route to an easier characterization, prediction and hence, control of the thermal magnetic properties of disordered multi-sublattice magnets, something which will be valuable for technological purposes.
As for the applicability of our multiscale approach to ferrimagnetic materials, one would obviously need accurately calculated exchange integrals as a starting point. Computing these for rare-earth transition metals alloys might not straightforward, as the rare-earth ions contain mostly localized f -electrons with a sizable orbital contribution to the atomic moment. However it is expected that for ferrimagnetic alloys, or multilayers with antiparallel alignment, composed of transition metals this task will be easier. Initial theoretical comparisons of the element-specific demagnetization in GdFeCo were done recently by Atxitia el al. 10 who obtained a good agreement with experimental observations. However, in this work the exchange integrals as well as the magnetic atomic moments were taken from phenomenological considerations contrary to the present work where all the parameters are obtained from first-principles calculations.
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